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Abstract 



PROBLEM TO BE SOLVED: To bend an optical path in a required shape and to shorten the 
whole length of an optical element by making a curved reflection surface tilted with respect 
to a standard axis an spherical surface in which two pieces or more of symmetrical surfaces 
deciding a pair of the symmetric surfaces don't exist and forming a middle image in inside 
an element. 

SOLUTION: The optical element is provided with the curved reflection surface tilted with 
respect to the standard axis, and the curved reflection surface is an aspherical surface in 
which two pieces or more of symmetrical surfaces deciding a pair of the symmetric surfaces 
don't exist and form a middle image in the inside of the element. A concave diffraction 
surface (incident surface) R2 having negative diffraction force and four reflection surfaces of 
a concave mirror R3, a reflection surface R4, a reflection surface R5, a concave mirror R6 
and a convex diffraction surface (emission surface) R7 having positive diffraction force in 
order of the passage of light from an object are formed on the optical element 10 surface 
consisting of a transparent body of e.g. glass, etc. Further, the optical element is provided 
with a diaphragm cincident pupil) R1 arranged on the objective side of the optical element 
10 and an optical correction plate 3 of a crystal low-pass filter and an infrared cut filter, etc., 
and the image pickup surface of an imaging device (imaging medium) of a CCD, etc., is 
positioned on a final image forming surface R10. 
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A = (a4b)-(v'-cos't+x') 
B = 2a- b- cos t[l+{(b-a) • y sin t/(2a- b) } 
+ Cl+{(b-a)-vsin V(a-b)}-{y /(a-b)}-{4a-b-cos' t+(a+b)' sin' t}^ 
/C4a'b' cos' t) 3 l "] 
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A = (a-fb) • (v 1 • cos 1 t+x" ) 
B = 2a-b-cos t[l+{Cb-a)-ysin t/C2a-b)} 
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64.15 




4 


-7.22 


3. 19 


17.68 


8.00 


1.51633 


64.15 




6 


-8.69 


10.80 


6.98 


8.00 


1. 61633 


64.15 


SMiM 


6 


-13.69 


3.87 


-2.50 


7.00 


1. 51633 


64. 15 


sm 


7 


-17.70 


9.60 


-34. 98 


0.50 


1 






8 


-18.83 


11.21 


-34. 98 


1.46 


1 




mm 



R1I co 

S 2 IBi -13.016 

2 7® -4.355 

R8S co 



[0131] 



C15) 

27 

191 ■ — l.U462e+01 b -1. 16711«*01 t - 2.85172e+01 

c 02° °" C 20 = °- 

C 03 -3.97235©-05 C 21 - 4.80561e-O4 

Cq4= 4.26947e-05 C 22 - 1.68B30e-O4 C 40 - 8.64092e-06 



1 1 - 3 37826 
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Hi a " 3.434 16e+D0 b =-2.S2147e+00 t - 3.90060e+02 

C02° °- C 20° °- 

C D3 — 2. 26822e-03 C^- 4.628236-03 

C M = 9.936686-04 C^— 8. 221456-04 C^- 9.87903e-04 



ISi a -L89949e+01 b — L16993e+01 t - 2.64906e+01 

C 02" °" ^O" °- 

C 03 = 4. 161B2c-04 C 21 = 2.6B197e-04 

004= 1.204360-05 C 22 ~4. 924676-05 2. 64871e-CS 



ISM a 



- 2. OlOtte+Ol b 

0. tfcf 



2.31498e+02 t - 2.24468B+00 



C 03 = 2.27686O-03 C n = 2.95018e-03 

C M — 4.8S716O-04 C^— 9. 911096-04 040—8.398216-04 



[oi32]i94i. io itmtxommKMmtmir s 

m+i o<D§m<icte®m>h<D%:m<DMMmtic> no® 
tirttm-rzwimw (a^m) R2sa'Eflffi^R3 • am 

^R4 • PAMIRS • J58-f®R6©E9o©&!HMRa'iE©Ji9T 30 

t}*m-?z>£mism mmm) rz^ksl-cu*. ri« 
£***s«iffi-c£> «) . ccd m<DWL&m?-<Dm®M&&m-? 

[0133] ftfe. 2 o©®JrB«U-rn tinier© 
BOTrS>*K T^T©^IJ«YZ¥E©MC#LT*i;f* 

[0134] ;X«C*SI^!lCDie^ffl*^-r*. ??Jf* 
*><=>©#& 1«. (AWtt) RKCfcOAW^S^W 
fMSn/cfg. ^sg^-l 0©AMffiR2KA&fU ffiR3"C 40 

jglifsn/c^. ffiR3<fcR4©Pig-c— Bjstgb. i^uriBR 

4,R5.R6-C>A^K:SWLrtT* > WffiBR7#>6WtiJU 
[0135] c©«l«:^Sg-7-l Ofct. A&MmicZZ 

msitit . -e©itit?©i«S!©iaDisw^tc j; sji&t^k; 

[0136] #*iifiaj©tiiKgS?:0 1 0 CtTjrT. 

[0137] *m&m~c\*. 1 o icam-t&s 



fr-smcc. -&M-C©*^^L&l>fie«:S^5:JT 
9 [ft Wc*S*. S*ffi«*SMa#AS*S*£«lK:*f irffifc 

[0138] e©»£T&. it¥m±w<ox ^-|ol^©» 
Mt£*tJ$T AStS«IWI<t»ftBSiBIA«:gtf 

[0139] [HJSFI15] eii liz&zmommmsv 

*^©xz®©KffiEiS^-e-©«iM0-r*-5. 012B 
Mtt^ilWse.aSr. Sitilft44S©}g^^t?* 

[0140] xmrnrntcfrif) . ss©f ■< ^ h t*xz® 

F«3« xvffirt© 2il&£>£fca?> > a-#jH^f33i©5E^£ 
^iL-Ct^. ST. IB i ffi©XZffift-C©9^U rft£Y $A 
iE^Ial^^^r^tf-IlO^triEiLfcflS* i 
degree) XYBrtTC^H-fcSrZ $4iE#fa#>6 

fr-amftlBMIjftZiEt btcPl&e i (UMidegree) 
■C^-t. 3 »i®©a-*;Uffi^ (x,y,z ) ©S 

mzmtmm&(x,v,z) icztbx* $-ri%g,z cxi.vi.z 
5er £&©£r 

[0141] JS.£(Xi ,Yi ,Zi) 

z :®lli©3fe«l*l»I1?*SZ^lfilCC*tLXZffil*3t?fta 



C16) 



29 



*¥¥Bft 28.4 
H4t¥Eift 22-0 

mm 2.0 



ISKW 1 1 -337826 
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[0142] 
[J*9] 



Jfegmo-S'-f^a^Y X2)= 12.0k 28.6x 10.6 



i 


Xi 


Yi 


Zi 


01 


*i 


Si 


adi 


vdi 


1 


0.00 


0.00 


0.00 


0.00 


0.00 


1.50 


1 




2 


0.00 


0.00 


1.50 


0.00 


0.00 


2.88 


1.68310 


so.20BSrB 


3 


0.00 


0.00 


4.38 


0.00 


45.00 


8.12 


1.68310 


30.20SWS 


4 


-8. 12 


0.00 


4.38 


-22.51 


90.00 


9.86 


1.58310 


30.20KMS 


6 


-1. 15 


-6.97 


4.38 


-4.58 


90.00 


9.30 


1.68310 


30.20KS*® 


6 


-8.69 


-12.43 


4.38 


15.90 


90. 00 


9.60 


1.68310 




7 


0.79 


-13. 11 


4.38 


25. 90 


90.00 


10.00 


1.58310 


SO. 205MB 


8 


-4.82 


-21.39 


4.38 


27. B5 


90.00 


8.02 


1.58310 


30.20KMS 


9 


3.20 


-21.39 


4.38 


0.00 


90.00 


0.07 


1.58310 


3O.2OJg0f® 


10 


3.30 


-21.39 


4.38 


0. 00 


90. 00 


0.00 


1 





X IS 
2 29 
X 39 
2 99 
2109 



9.000 



[01433 



Wl 0 3 



(17) *JKJ¥ 1 1 -3 3782 

31 32 



R 433 a -&82478e+01 I - 7.66525e+00 t — 3.87224e+01 

c oz° a hxF °- 

CQ3- 7. 7917i©-04 6.74331e-04 

C^-L 10781e-04 Ifcj-a. 68495e-04 C 40 -2. 03784e-04 

R6B a - 4.330060+00 1> — 1. 13123e+01 t » 4.85692e+01 

C 02° a ^O" °* 

C M - L37457e-03 C^- 1.56506e-02 

Cq4— 4. 94422o-04 Cgg— 3, 76614o-04 C 4 „- 5.75B94e-04 

H6i a - 7. 06881&+O0 1» — 2.86427e+01 t - 2.35496e+01 

C 02" a ^O" 

Cq3= 2. 20424e-04 Cgp 1.90803e-03 

0^—2.453840-05 ^-2. 20910e-05 C 4{J = 6.55653e-Q5 

H7B a- » b-» t - 0. 

C^-l. 25739e-03 0^= 2.00582e-03 

C^- 6. 217210-05 €32— 1. 62119e-M C 40 - 2.8289U-05 

R8S a =-4.42534e+01 I « 1.08452e+fll t = 2.4B660e+O0 

C 02" a ^O* °- 

C^— 5. 93354e-04 t^- 1.96331e-03 

C M =-2. 52041e-05 C2 2 s -2. 46364e-04 C 40 =-6. 80191e-05 
[0 144] HI 1*, 10B1 r><D¥ffiK$iWtm$L rtf ST. »WffiR9*>6xC4)*iaiCC«liIL, &i&*§{fcBRl 

R2£tPPBJ5«BR3 • [HB^R4 • OB^R5 • H®i§R6 • [ 0 1 4 8 ] C ©ttfc363**T- 1 0 AftWBCC<fc £ 

*i o©*f*«*cE«ofciao (AS4fa> . Rio t=orr*i»xaisr hiutiwiLw*. 

J£fftB"CA 0 , CCD §OffiM?OS«ffi^fiatSc 40 [0149] 44BKMQ^XOtmtia9«H 1 3 CCm 

[0145] 2 ^om$rmm*?nb®mm<D [oisoi *«mh©»^ i o ©ambr2 

«BT**K r^rOflBORWB»J*f«ffl* 1 CCtb«W5Sl»jEOJB*f**Rf/c-&SCi"C, «l±, toft 

[0146] wt*nmmictovzm»vtmzi&wir u oi»tb**3raw©3 &ars«a!fb*aBRorc* 
m) Riic<k*)A8iyt&*mmstitcm. o<o toisn *x*wfc**i»Ttt, a«s»m (z m> 

AftffflR2CCA«l/rjRttffffl42W* 2tt>-C¥BR*fB lc*fl/C5MKrB (xy^PB) rtrJSWBR3KI*OMIf* 
tir— S*&*u ^rBRs.Re^.ira r#*&cK8*i, so S©Bg80% #xy¥B«:*KoTI>£> . 



I 



(18) 



33 



[0152] \.>£&x:<DmtkWt,c*n,>XteA$im 

mmmmwt:-gt}T'<r<DW&m&$>z>w-m (yz®) tc 

[0153] #^dfeWc*j(,>-a;}:> AJHSVM (z 14) 10 
cc*tL/rss:&B (xy¥B) rtf %<t--e©ffe©aisfcii3fc 

Zifi K ctiK£?rX¥X?i 0©Z S|fiJ©|»8MbWi 

[0154] ^mmmic*s^x ti^jss-?-^©^'©^ 

^tt*i*S-oTC>-2>^®tC>PtLTAI>fS!g$4«:Sii:{Ci2a 
JWto»ie«i£SiaK:OTfc<bt,>„ ^©GSfcti. 

28.0 

Sfi*B*t 20-0 
tftt>& 2.0 



^PgV 1 1 -3 37 82 6 
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[0155] § <E>KAI}gm$4 • WUiS^lii fcOC. 

mzwric-rzcfc se*©u>x^iisi^«c7*- 

[0 15 6] [S!Sfet«l6] 121 41S*^BJ©HJSP!|6© 
3fr¥«©YZBrt©BlTB0T*£. *^t6{«|»^¥ia« 5 

gaLis^4o.oa[©iaa?^^-c*^„ shk 

BK«BB*»tt r**jR7-*#j« UfcgaMi'C* 4. 
[0157] *Hifi0!l©i«RK7 r -^«^©<!:*J'3 "C* 

•s. 

[0 15 8] 

win 



)t^»«0^XaxT XZ)= U.4z32.6x 14.2 



i 


Yi 


Zi 


01 


Di 


Ndi 


vdi 


1 


0.00 


0. 00 


0. 00 


12.39 


1 


«9 


2 


0.00 


12.39 


24, 93 


12.60 


1 


KM1B 


a 


-9.63 


4.27 


4. 87 


10. B0 


1 




4 


-16.59 


12.53 


-15. 13 


10. B0 


1 


fWiS 


5 


-18.46 


1. 89 


-32. 08 


8.68 


1 


RMS 



8 -28.79 4.28 -74.03 0.00 1 ftffi 

mm* 

RIB 00 
S 8 ffl m 
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C19) 
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1$P8¥ 1 1 -3 3782 6 
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S2ffi a — 1.27078e+01 b — 1.61B63o+01 t - 8.43678e+01 

C 02° °" C 20 D °- 

C 03 -9.19140o-05 C 21 - 1.68009o-04 

C M - 1.82075©-05 C 22 - 4.77170o-05 C 40 « 9.84328e-0S 



1SS a —8. 003186+00 b - 1.94833o+01 t -6.67313e+01 

Cfl2 = °- C 20 s °- 

C 0 g^9.87875©-04 C 21 - 2.02373o-03 

C M - 1.65491o-04 C 22 - 7.576810-05 C 4Q - 3.66041o-O3 



H4i a — 1.2fi016e+01 b — 1. 17328o+02 t -4. 11271e+01 

C 02" °- C 20" °- 

C 03 = 6. 04887c- 04 C 21 =-3.51858e-04 

C M » 1. 69212o-04 C 22 - 2.77107o-05 0^-2. 25O94e-05 



H5jg a - 1. 260670+01 b 



Cp 2 = 0. 



u 20* 



2. 82424O+02 
0. 



C 03 = 3.02802o-05 C 21 = 2. 82991o-04 
C M - 2.96306e-05 C 22 ' 



t - 1 149090-01 



80814o-05 C 40 -l. 082B3o-04 



[0 160] 014*. 6 0t2n^tt»®ftBJ:Q6& 

MIC* WWffiiu • EWHR3 • JSI*ffiR4 • Cflffl^RSOEHO 
KSL/clKO <ASJ©> . RttiJBWSftBT*"). CCD 

[0162] *fc3wa*«<ott«ffffl*«wr *. ««* 

^6©*S1B, (AIM) RiicJ:0AW76S€:« 

KWStifcfft. S»HRSfi«-C-MM«L, *C*-eiBR 40 
3,R4 1 R5-c*^KfiaHLr«, jfeWR^eoosww 

[0163] «ft*tt«fflR2iffl , R3t(Dlffl , r*IHtt« 

[0164] c©»«afc£#r-B oat, *©*r<Dtt» 



[0165] ^n«^0«(IitHtB 1 5 CC^ 
[0166] *||JfiWlK:*jC*Tl3:afflSW»0^&«U 

[0167] [HJ6W7 ] 0 1 6 l£$AH039feffl7 CD 

2.0a, ajffiaft4o.oa<D»iB5t^3Rr**. 01 etc 

[0168] 2R»«©««f s ->tt^©4*0r* 

So 

[0169] 
W13 3 



C20) 



37 

Tk^mn 26.0 

m&*mn 20.0 

tt»)S 2.5 



EfKJ¥ 1 1 -3 37826 
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Jt^O^^axY xZ)= ll.2x40.9x 17.5 



1 


Yi 


21 


01 


Dl 


Ndi 


v&i 




1 


0.00 


0.00 


0. 00 


9.39 


1 




»* 


2 


0.00 


3.39 


0. 00 


2.21 


1.75500 


52. 32 




a 


0.00 


5.60 


0. 00 


8.76 


1 






4 


0.00 


14.35 


23. 67 


13.12 


1 




sum 


6 


-9.65 


5.46 


5. 35 


11.88 


1 






6 


-16.74 


14.98 


-12. 65 


12.00 


1 




BL&ilB 


7 


-19.10 


3.22 


-18. 65 


8.75 


1 




Stiff 


8 


-25.67 


9.00 


-48. 66 


3.96 


1.75500 


52. 32 


MVf-m 


9 


-28.65 


11.62 


-48. 65 


6.80 


1 




MVffB 


10 


-33.75 


16. 10 


-48. 65 


0.00 


1 




tm 



r 2 m 

RSffi 
881 
K9B 

mo m 



-4.933 
-5.275 
10. 191 
-48.967 
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mi 4] 



C21) 
39 

14 E a -2. 16731e+01 b -1.68E59e+01 t - 2. 45932*01 

C 02" °- C Z(T °- 

C 03 -6. 14092*05 C 21 - 8.033250-46 

C M -8. 46169*08 C^- 8.74779e-0S 040-9.726656-06 



iHJgg^ 1 1 -3 37826 
40 



IS I a -4.96405*00 b - 8.31430*00 t -4.21818*01 

Co2" 0- C 20 = 0. 

C 03 -2.1116Oe-O4 C 2 |- 6.81127e-04 

C M - 4.71978e-06 C^- 1.98254e-04 C 40 -6. 4D761e-04 



161 a — 1.27294*01 b - 2. 11554e+02 t -2. 40317*01 



b 02" 



u 20~ 



C 03 = 6.89343e-05 C 21 = E.46114e-06 

C M — B.72350e-06 0^1.469120-05 C4Q-2. 60225o-06 



ITS a - 3.73721*00 
Cq 2 - 8. 



b -3.91247*00 t -2.95187*01 
Cm" 0. 



4.49626O-04 C 21 = 5.03152e-04 



C M -7. 69880*05 C22-7.23646O-05 C 40 -4. 95296O-05 



[01711016*. 6 oim^ucwMoamsmm 

ZBi&l;tctp2.(D7n v? (ft^m*) r*S. 7 1. 
RliJOU>X , 7 KD^WJKffigU/ciKO (Ai-f 

si) . Rio ws^«m-c* 9 . ccd m<Dm®.w&<D& 

[0 172] &*3. f^BO. £iU:>X7 1.72 
[0173] ^^C^IDteWtCfcttSilS^ffl^SiBJf 

*. fy&frhomL\u> m (awes) Rifc«t>5ASf 
3£S£*ji$iJ3ft?d&. £bu>X7 i cdsjitBr2.r3 -ch 40 

JfrbTlRSJtb. ft&m+l OODSP^CAWL. SW®R4 
■CSWSn/c^. S«®R5ifi#f-BigtSL. >A^T® 
R5 . R6 ,R7T -X * (CSS7 0 /cf£, ft^SfH 1 7 0 ©§&#*> 6 
$iliiLXih\s>X7 2tcAI*U ®#TffiR8,R9 -CSJtL 

uta. s^*s«mrio ±«:f?ifSfi}-r£. !B5(*3ias«ffiR4 

<bfflRsi©ra-c*^ti^L/. iXt»rS*?i|iS»MR10 ±(C 

[0174] t©««C*^7 0 (*. 3fc£3t^6 0+© 
1®^©flffiJSI^Cj:S®J^R!>'2 0©au>X7 50 



1. 7 2 ©/!#?:£«: J: T. bWI©*^^**?"*^ 
[0175] ^^^©^^©fililXMS^H 1 7 (C^ 

■r. 

[0176] *nsswe«, tp^mmzm^fcifc^mi- 
6 o©AStfsfl • mniWttc*ft?nmtFimim?z>ct 

[0177] a®£*tg££tera-f *<t*©®«v# 

#t, ^U60!l-Ctt2O©e J U>X7 1 . 7 2 i*?^ 

6 o &-mcBf&? sciicio^s ^©rsA* m± i> 

[0178]*fc. *nmMVte%&m<D%:AMmit£i 
U>X?rELr^^iRm$#r. #3*g^6 0©IS- 
K$fIBR47!U AS < 5 ©* ESLlt b rtJ 0 . Xlb¥&<Dft 
ftfflffjtc Ci U>X 7 2 ^BETSC £-Cigffr?j£ 

[0179] [5U&fla)8 ] El 1 8 «*^Hjo||iSW8 © 

^^©Yzsrt ©BtSia-c * & . xmmm it^w-mn s 

2.6S. SiSifflft40.6JS©}ggJ^3fi-C«)4„ Sl 8K 

[0180] JteftHWOWJ*?*- *«#©<!:*? o -c* 
5. 



C22) mm*? 1 1 - 3 37 82 6 

41 42 
[0181] * * Wl 5] 

Tkw^mn 26.3 

ttSS 2.0 



**»O^XaxY X2)= 10. 2x 29. 6x 21.6 

i Yi Zi 0i Si Kdi i/di 

1 0.00 0.00 0.00 4.00 1 »*) 



2 


0.00 


4. 00 


0. 00 


6.00 


1. 61633 


64.15 




a 


0.00 


10. 00 


26. 00 


10.00 


1.51633 


64.15 




4 


-7.66 


3. 67 


10. 00 


10.00 


1.61833 


64.15 


smrn 


6 


-12.66 


12.23 


10.00 


10.00 


1. 61633 


64.15 S»B 


6 


-20.32 


5.80 


25. 00 


7.00 


1. 61633 


64.15 




7 


-20.32 


12.80 


0. 00 


8.73 


1 




asm 


8 


-20.32 


21.64 


0. 00 


0.00 


1 







RlfB » 

R2I -4.887 
R 7 19 50.000 

R 8 9 » 
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[»163 



(23) 



43 



1 1 -337 826 

44 



13 i a — 1.26474e+01 b -1. 33487e+01 t - 2.B1430e+01 

C 02 B °- C 20° °- 

C 03 -2. 621390-04 C2!- 4.622988-04 

C M — 8.84221e-06 C 22 - 4.34287e-06 040- 6.669666-06 

141 a — 1.99702o+00 b - 2. 11270e+00 t -6.347286+01 

C02° °" C 20 = °- 

C oa — 1. 474706-03 C 21 - 4. 943076-03 

C M - 1. 81131O-04 C 22 -l. 9Z6670-04 C 4 g- 1. 313690-04 

I S m a - 9. 661346+00 b -9.432068+00 t -1.72001e+O6 

C 02" °- ^20° °- 

C 03 = 1.66729e-03 Cgp 6.80826e-O4 

C M = 1.88025O-04 C 22 — 1. 68825e-04 2. 636S2e-04 



Itg a - 1.239616+01 b - 4.866718+01 t -2.61796o+01 

c 02° °- °20 = °- 

C og = 5. 134518-05 C 21 =-2.64192e-04 

C M — 6.097126-08 C 22 - 5.903528-06 C 40 - 1.547076-05 



[0 1 83] Ml 8*. 1 0li2o£DJaSfBiffiJ![©tt 

[ o 1 8 14 ] 2-o<Dimmm,^irin^MW^^<D 

[0185] ^tc«ttt««:*»»**S»ftffl*ttWr 
•2>. 2(-)^[Sl*^*fcfel^P>©*mi«. &9 (AW 40 
Si) RlKcfc9A8*5fcS£JjBfWSft;fc&. 316**^- 10© 
AW®R2tCA*fL/T^tJ{f^ffl*S^. JXlr>-CEHHiR3r 
JS*f<*ftT— MfcSifcU ^C»TfflR4,R5,R6-C^^ (C5« 

u-ctf*. mmm7ipbmtiib, «***£f&ffiR8±tciSii& 
[oi86] ®#mntmR4&&vtpMm»b. Biftia 



[0187] C©«K3t^-¥- 1 0«. AffittffiiCfcS 
JH»f*i. -e©tfr©ffi^©fflffiS*t^c<tSSSr^(c 

[0188] *mmm<m¥&<Dm®Mm*® 1 9 
-r. 

[0189] *»*WrttAtJ®T&3®R2£»®©!H] 
ffi-C*>SffiR74>»ffi©E3®jT®i LTtt_BfciSMCOl>T 

«flij6c=i > h v zk.-?* c t-cmm^, «Lhe 

[0 19 0] [&lfcOT9] 02 0i**&W<DmMm9<D 

3fe^^©Y2ffirt©WH0t?*4 o *^iseaiW7k¥ifflft6 
3.4- . mtM.mnA9.er om&yt¥3kvibz>. mzok. 

[0191] 
W17] 



C24) 1 1 -3 37826 

45 46 
JkW^mA 31.7 

sa^sa 24.8 

K92 2.0 
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